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A long abstract of the following article may be I
Abstracts, by No Thon, Vol. b, Nos 18 (25 Sep 50), p. 8179.
‘ 1

made in Thon's abstract; namely,

—
u- CT -'2_._7
Anthorts abstracts

@ dependence of Specific electrical conducti

emf and magnetic auecéptibility of the intermetallic compound MgZSn. on

the basis of the study of elect
must belong to the class of admixture semiconductors. ‘

tempereture beh avior of magnetic ausceptibility a conclusion is mede con- ;

Among the :Lntemetallic comp!

ing normal valence, phases of the type MgZSn hav

- 4nvestigations. Interset in these compounda 48 due to that peculier

position which these compouhde

éompou.nds (nanmely 581%8) ).

to have properties that pass from purely hetéeropolar compounds to me
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found in Chemical
A mistake is ]
the formila given as u = CT2 should be ‘:

In this work the author investigates the temperature j
vity, Hall's constant, thermo-

rical properties it 1s concluded that Mgasn
From the data on '

ar and metallic nature of the bond in this |

cerning the composite heteropol }
M . . . ‘

1. ELECTRICAL PROPERTIES OF MSZSn

Introduction

ounds kmown at the present time and possesa=
e served as an object of many

wporder®

assume among the ordinary alloys and chemiocal

Such a "border" position causes these compounds .
tals and

alloys with metallic type of bonds
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The phase diagram of the Mg-Sn sﬁstem (Figure 1) was first invest~
igated hy'lt.urnakov and Stepanov (2). They found that when the ratio of
components is 70.95% (weight) &n and 29,054 (weight) Mg the diagram of state
has a sharply c—xpréssed definite maximum. The compound MgZSn corresponds to
just this ratioe In the case of deviations from stoichiometry (physical chem-
ical law of definite multiple proportions) Mgzsn forms a eutectic with its
components. AS yet the problem of possibly forming solid solutions of HgZSn'
with Mg and Sn has not been solveds v

X-ray analysis showed that the compound Mgzsn has a crystalline structure
anti-isomorphic to the fluorspar structure with four molecules in an elemen-
tary cell ard with a lattice constant equal to a = 6,765 } (h).

Further investigations by Kurr;akov and Stepanov and by Grube (8) and
others showed that the electrical resistance of this compound is much higher
than that of Mg-Sn alloys with the ratio of components différent from
stoichiometry (Figure é).

Attempts also were made t0 measure the temperature behavior of resistance
of Mg?_Sn. Therefore Grube and Vosskuler (5) investigating the thermal cone-
ductivity of the Mg-Sn system relative to the ratio of components noticed v
that in‘ifricinity of the composit;l.on corresponding to the compound MgoSn the
tenperature coefficient of electrical conductivity, starting at a certain
temperature, changes sié,n: from room temperature to 450°C the resistance of
samples increases with temperature, but at 150°C the temperature coefficient |
drops abruptly and finally at 525°C becomes negative, Such an anomalous '
behavior of electrical“ conductivity at that time seemed inexplicable.
(6)

Mott and Jones basing their computations on quantum mechanics showed
the possibility of Brouillon zones in MgpSne They proved that a Brouillon
zone exists for the MgoSn structure with a capacity corresponding exactly
to an electron concentration equal to 8/3 electrons per atom. This value

of concentration coincides exactly with the valence number of electrons in
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Mgzs" pertaining to an 'at.om, and we are dealing with a zone fully completedy
The next brouillon zone will be empty. In this respect Mott and Jones ex=
pressed the assumption that ﬁgasn in the pure state shonld be an insulator.

A very interesting question is what type of bond is in this comppund.
Furnakov and Zintl consider Mg23n a uéual heteropolar cqmpound, assuming
that the bond is a consequence of mutual Coulomb forces between the bositive
Mg ions and the negative Sn ions. On the contrary, Mott and Jones suggest
that MgoSn should be considered not as an ionic compound, but as an "electron®
compound of the Hume-Rothery type- Rn'tathis last suggestion contradicts
experimental data by Hume-Rothery -wsdiself and Raynor. - ) s who did not
succeed in obtaining a triple alloy by partial' substitution oi.‘ Mg atoms in
this compound by Al or In atoms without a change of electr;n‘concentration.
Other writers (4. F. Iotfe (7) s Nao Vo fgeyev (8), and Dehlinger 3 ))think
that compounds similar to Mgzsn have.bonds of mixed typle; that is, partially
heteropolar and partially metallic.

The author of the following report undertook the present investigation
in order to cbtain a detailed’ study of the nature of the electric and magnetic
properties of Mg2Sn. It consists of two parts: 1) inwfestigation of the
temperature dependence of specific conductancé, Hall's constant and thermo-
emf of Mg,Sn; and 2) investigation of the temperature dependence of'magneﬁc
susceptibility of MgZSn.

The results mentioned ha‘ve already been presented by the author in two
previous reports (10, 11),

1. Procedure Followed in Preparation of ‘the Samples

.a basic components for preparaticn of !‘.gZSn \ﬁi‘j in these experiments
were chemically-pure magnesium"and tin. The content of impurities in mag-
nesium did not exceed 0,01-0,02%; and in +tin, 0,05%.

The alloys were prepared in a molybdenum furnace under a carnallite

layer in a crucible made of very pure graphite.
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For the preparation of these alloys the author folloued the procedure
described by Kurnakov and Stepanov (2) and by m (3’ 5 ) A graphite |
crucible is filled with a magnesiu:n‘and tin . batch, ,in such a way that
magnesium is below and tin above. The crucible isb filled with a thick layer
of flux abovc the: metalsg and introduced into the furnace., At 700°C '
uhen the whole mass has glready become liquid it is mixed well with a
graphite rod. During mixing the temperature of the melt is raised 100‘0.
Thereafter the melt is heated stifl,tﬁ 1000°C and thereupon slowly cooled.
The whole melting process usually takes 2,5 to 3 hours. In this way rathelr
homogeneous bluish ingots are obtained’: and their composition does not differ
much from the initial ones: When heated rapidly Mgzsn's reaction of formation
is rather stormy, with eruptions of a part of the alloy.
Separate meltings were processed according to Kubashevskiy's method (lh)
In this case the initial components Mg and Sn are pulverized mto fine powder,
from which round tablets are pressed. The crucible is heated preliminarily
to 500-550°C; thereafter the tablets are placed into the crucible and the
heating is continued for 15-20 minutes until 650°C., When the formation of
Mngn begins to react the temperature of the melt is raised rapidly and
with weak heating for 8-10 r;\unutes reaches 1000°C. The melt is slowly cooled
for L5-60 minutes as in the first case. The ingots obtaiﬁed &e used for
the preparation o-f samples to be used in investigatiqns of their electric
and magnetic properties. These samples were preliminarily tempered in sealed
ampoules of hard glass for 28230 hours at a temperature of 400°C.

2, Denendence of Specific Conductivity Upon Temperature

The electrical conductivity of Mg,Sn was measured over a wide temperature
range from -170°C to +400°C with equipment and _methods described previously
for MgBsz(la). In this case the dependence of electrical conductivity and
temperature coefficient upon the amount of deviation of the gample's com= .
position from stoichiometry was investigated,

- Table 1 shows the specific electrical conductivity and chemical com-

position of some samples at 20°c.

=5 -
CONFIDENTIAL

"CONFIDENTIAL

-RDP80 00809A000600380674 2

S L R 3

Sanltlzed Copy Approved for'ReIease 201 1/09/14 - CIA




f

Sanitized Copy Approved for Release 2011/09/14 : CIA-RDP80-00809A000600380674-2
. -i
r

- S CONFIBENTIAL | 5oX1-HUM

CONFIDENTTAL

As follows from this table, the more the sample deviates from stoicﬁ;o-

. metric combosition, the higher is the samplet!s specific electrical conduct=
ivity. Samples most approaching the stoichiometric composition have the
smallest specific.electrical conductivity; that is, the highest specific
resistivity. It should also be noted that specific electrical conductivity
of pressed samples is always nearly a whole order of magnitude higher than
that of samples cut out from ingots; vhich fact is probaﬁly due to trans-
itional resistances between separate crystals,

The temperature dependence of specific electrical conductivity is
represented in Figure 3 for some sgmples investigated.v From these graphs
it is also easy to derive the temperature coefficient of electrical conductévity
ivityl:-:Samples with a composition very different from MgZSn possess a nega- '
tive temperature coefficient of electrical conductivity, and their electrical
conductivity approaches the metallic one, When the composition approaches
stoichiometry, specific electrical conductivity decreases and the temperature
coefficient changes sign. )

Samples with stoichiometric composition and also samples with small
devistions from stoichiometry possess at room temperature a specific elect=
rical conductivity of the order 2 - 60/chmscm,

Some Mg2Sn samples with excess metal of the order 2 - 3% show at low
temperatures a negative temperat%fe coefficient of electrical conductivity,
but show a positive one starting around 300°C, exactly as it happened in
te;ts.by Grube and Vosskuler(s). Such a temperature behavior of electrical
conductivity is represented in Figure 3 (second curve from above). '

A positive temperature coefficient of electrical conductivity with pre-
sence of electron conductance'is, as is known, fyﬁical of semiconductors,
Therefore it is natural to consider the authort's experimeﬁtal data od the
temperature behavior of electrical conductivity of MgZSn from 5ust this

point of view,
-6 -
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Figure L represents the logarithm of specific electrical conductivity '

versus 1/T \for two stoichiometric Mgzsn samples. As is seen from the graph,
the temperature coefficient of electrical conductivity has a negative sign
and different values’ for low and high temperatures. At low temperatures
the coefficient is much lower than at high temperatures. With sufficient
approximation, the temperature dependence of specific electrical condﬁctivity
(sigma) may be expressed in this case by the following formula: |
: A&, AL,

o= A e zyr -+ Ae 2T : (1)
Here Al and A2 are constants; AEl and AE2 represent the activation energy
of electrons at low and high temperatures respectively; T is the absolu_te'
temperature; k is Boltzmann's constant.,

The activation energies AE‘1 and AE2 of electrons which we determine ﬁ-om
the slope of the straight lines characterizing the ratio log g, and’ 1/7
are equal respectively to.0.03 eV and 0.2 eV, Therefore the formula's first
term, where AEl has a small value, is predominant at low temperatﬁres, and
the second term dom.’!.nates at high temperatures,

As is known, the teme rature dependence of electrical conductivity 6!‘
type (1) above is typical for semico'nducting alloys, Because it ‘occurs with
stedshiometric Mgesn samples it may be suggesied that ;l.n this case one is
dealing with a semlconducting ell.oy. But in order to have a clear picture

- of the conducti%rit.y mechar}ism of Mgzsn and to bé able to make the positive
stgtenient that a compound of this composition is really a semiconductoz:, the
study of only the temperature behavior of its electrical conductivity is
obviously. not sufficient, J.;'irs-t it is necessary to know how the concentration
of charge carriers varies with temperature and with it theix:‘mobility. ‘For ]
this purpose one must measure the temperai;,ure behavior of Hall's constant
for a number of samples,

3, Measurement of Hall's Effect, Concentration of Conducting

Electrons and Their Mobility

Hall's effect was measured according 1o standard methods in a static
magnetio field and with de current. Readings were performed over the teme
perature range -170°C ‘to +400°C at H = 10,000 to 12,000 oersted, -

.
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Hall's constant varied in suamples of composlition approaching ML.;ESn.

depending on temperature from 23 cm3/abs-amp.sec at high tewperaturcs to
6 cm3/abs-amp.se:c et low temperatures.
In samples with great excess of one of the components Hall's constant

vas of the order of‘ 0.1 to 1,0 cm3/nbs-amp sec,

crama e - R e T T F TR -y

Figure g represents grapha oi‘ Hall's constant versus temperature :Ln two /
extreme cases namely, a sample of stoichiometric composition and a sample
_w;th_gregt_, ‘excess of tin. The ordinate axis shows values of log R, and,“ i
the abcissa is 1/T, ‘

As is seen from these éraphs (particularly from the stoichiometric one),
the curve deseribing the ratio of the logarithm of Hall's constant (R) to
1/T, like the curve in Figure L, contains two rectilinear parts with differesnt
slopes relative to the abcissa; namely, a small slope at low temperaturss
and a large one at high temperatures, The values of AEl and AE2 .detemined
from the slopes of the rectilinear portions possess the same numerical
values, as computed from the temperature dependence of 'specific electrical
conductivif:y. vAs for the sign of Hall's constant, it was always negative
for all samples investigated by the author; that is, it corresponds ';.o -
electron conducta.ncé. . .

From data on Ha.ll"s effect the author also computed the concentration-‘
of electron conductance in the samples inv.estigated. The temperature vari-
ation 'of concentration may be followed in Figure 5, '»{here the v;;ues n
besides R are also marked on the ordinate,

As is seen from this rigﬁre, in a sample of stoichliometric composition

the electron concentration rises with temperature from around 3. 1018

19 at 700°K. In samples of non-stoichiometric com-

100°K to.about 3.10
position the c.oncent.ration nearly does not vary with temperature and has
a value of the order of 10°F cid,

In order to explain the mechanism of conductance, the questifm of elec-

tron mobility within this compuund is of great interest,
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In samples that deviate from stoichiometry, the mobility of electrons . -
decreases with temperature rise according to the law u = CT% varying
from 50 = 60 em?/voltssec at L00°K to 5 -7 cm /volt.sec at 700°K (Figure 6,
curve b), In samples of stoichiometric composition the dependence of elec-
tron mobility upon temperature has a more complicated character. At low
temperatures down to about LOO°K the mobility rises with rising temperature
and starting at 400°K the mobility decreases (Figure 6, curve a)e The ' :
reasons for this cccurrence are not yet clear, but one may assume that two
competing mechanisms of electron scattering occur creating the strange
temperature dependence of mobility.

(15): and. experi- '

48 was theoretically shown not long age by Welsskopf
mentally confirmed by a number of investigators in studies of ¥ilicon's
electrical properties (18), the mobility varies with temperature according
to the following law when small amounts of impuritles, or adndxtuncs, are

present in the lattice: _ i

u= a'l‘3/ 2,y /2 @)
Hhere a and b are constants. '

The first term of this formula is due to the scet.t.ering of electrons by '
impurities and is predominant at low temperatuzres [sic/ when the thermsl
oscillations of the lattice do not have an essential role; the second tern
is due to electron scattering by the thermal OScillations of the lattice and
predominates at higher temperatures [ Notes These stabementa will hold only )
if the so-called i‘irst term is taken to be bT™ -3/2 a:nd the second term as & - .
aTB/z- that is; ’ in contrast to usual convention of first and secon_q7 In
the case of stoichlomebric samples of r4g25n, as- should be expected from
curves & in I‘iguxc 6, the mobility varies with temperature according to 8
similar law

u = a;l_Tnl + blTn2 . (2) o

here n, &nd n, are of the order of 2.5, ,

- 9 -
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It is possible that also in thié clase, when the amount of impurities is.
negligible, a similar mechanism of electron scattering cccurs: nameiy, by
impurities for low. temperatures and by thermal oscillations of the lattice
for higher temperatures., However, this question requires furtk_xqr investi-
gations.

lio Thermo-electromotive Force

The author madq thermo-emf recordings relative to copper electrodes _
within a temperature range from =170°C to +400°C. The temperature difi‘erencea
at the ends of the sample were determined by a differential thermocouple
and.- lay in the r;tmge 10 to 15°C. The thermo-emf and temparaturé of the
sample were measured by Feissner's compensator. The sign of the thermo-emf’

E was determined by comparison with the thermo-emf of cuprous oxide.' All
s;a.mples of MgQSﬁ investigated showed an electron sign of thermo-emf, which
fact coincides completely with data on the sign of charge ca:_'ri'ers obt‘;q:i:ned
in investigators of the Hall effect. Table 2 repreéenj}s the thel'rmo-emf ot;
some Mgzsn samples at 20°C. |

As seen from this table, the thermo~emf rises as the composition appro-
aches stoichiometry., Samples that diverge consistently in composition frém
Mgzsn have thermo-emf value§ that are typical for metal#. Some d'ivergence
in thermo-enmf for samples of nearly identical composition are due to the fact .
that the data of chemical analysis pertein to the ingots, and not to the .
sanple investigateds The ratio of thermo-emf to temperature for 'varioud
Mg 2Sn samples is represented graphically in Figures 7 and 8.

As these figures show, thermo-emf drops with increasing tempera‘hxres » ]
cand dréb.s faatér for higher temperatures than for lower oneg,

The data presented here on the value and temperature behavior of the
therno-~enf of Mgzsn seem to confirm the semlconductive nature of the electric . j

pror.erties of this compound,

- 10 -
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5. Brief Concha:ons Conc=rn1mr the Na Nature of the Electrical

g-roperties of MgQSn

The‘-data obteined by the author on the température dependence of elec~
trical conductivity, Hall's constant and thermo~emf allows one as it seems
to him, to draw sowe conclusions as to the nature of the electrical properties
of MgQSn.

The type of temperature dependence of electrical conductdvity, Hall's
constent and the thermo-enf of Mg?Sn and &lso the numerical values of
electron concentration and thelr mobility and the temperature dependence
of concentration and mobility are similar to those of mized semiconductorss
The meaning of the activation energy £Egy = 0,2 eV which was determined prev- ;
iously by experimental curves can probably be considered as the w:ldth of
the energy gap £illed by Brouillen's zone in Mg Sn and the gone of conduc- 1
tance thereafter following; and AF, can be considered as the distence from i
the admixturé level to the conductive zone.

At low temperatures, the. electrical conductivity, Hall's constant and
thermo-emf are determined by the electrons passed to the conduc.tive level
from the sdmixture 1evels that lie at a distance of the order of kT at room '(
temperature: from the bottom of the conductive 1level. At high‘ temperatures,
the natursl, or Proper, electrical ‘conductivity probably plays the main roles
This may explain the presence of two regions on the curves of electrical i

'  conductivity, Hallls effect and thermo-em{ versus temperature.

For considerable deviations from stoichiometry the semiconductive be-

havior of the electrical properties of l-’ngSn is due to metellic impurities,

or admixturese
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11, MACNEYIC SUSCEPT!BILITY AND ROND TYPE OF Mg2Sn '

1. :Annlication of Magnetic Analysis Methods for the Determination

of the Bond Type

4s mentioned above, until recently the problem of the bond type of the

intermetallic compound MgZSn had still been under discussion. Hence we

considered it pseful to complete the available experimental data on this

matter, by investigating this compound's type, value and temperature ‘depen=

dence of magnetic susceptibilitye

As is known, the magnetic propertieé of a solid depend esseptially on

the bond type possessed by the particles making up its structure (atoms, ~

jons and molecules)(l9), As-a rule chemical compounds tend to form complete

electron shells; that is, tend to acquire the atomic structure of inert gaseBe )

1t means, from the point of view of the magnetic properties of éubstancés PR

that the formation of a chemical compound is followed by a mutual compen=

sction {or at least a decrease) of the magnetic moments of atoms.

In the simplest heteropolar compounds (that is, compounds in which the

clements forming £hem have completed thelr inner electron shells) thecform-
ation of heteropol&r bond is always followed by the appearance of diamag=

netic susceptibility independent of temperature. The formation of & chem~

ical bond in other heteropolar compounds may be judged by the presence .of & :
change in gffective magneti€ moment, which may be coﬁputed from the -tempera= . .

ture behavior of magnetic susceptibility muz ’ o

Heff ® 2°8’*\/7§.J9n(‘“— 9‘) ' P'o
vhere chi Xm ol is the molar susceptibility of the substence; T is the
absolute temperaturej theta 8 is »the ‘temperature correction defining the
Here the value of

discrepancy from Curie's 1aw; and o 4s Bohr's magneton.

* ghe effective lragnetic moment not only indicates the bond type, but often

also determines the valence of ionse
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.A charscteristic property of metellic tonds (except of ferromagnétic

metgls) is that e diamagnetic and paramagnetic susceptibilitjes are indepen-

dent of temperature.

The autﬂor shall try here to analyse the que.tiion of what is the possible
bond type in the MgQSn investigated.

In as much as both metals Mg and Sn of MgQSn compound are paramagnetic,
one may assume a priori that the value and sign of the megnetic suscept-
ibility of MgZSn is defined by the state of the atoms in the lattice and by
the degree of their ionization. If Mgzsn vere merely a simple mixture of .
two metals - in other words, if the bond of this compound were of a purely
metallic type «— its magnetic susceptibility would be paramagnetic and
independent of temperature. (Figure 9a).

On the contrary, if MgQSn were a purely heteropolar compound, it should
have diamagnetic susceptibility independent of temperature (Figure 9b),

As will be shown below, experimental data does not agree with any of these
models, which fact probably proves that this compound possesses a more

conplicated type of chemical bond,

2. Procedure to Determine Magnetic Susceptibility, and Experimental Data

The author chose the method by Gui Zgic; Hooey,'etcz7.for measuring the
magnhetic susceptibiiity of Mgzsn. The whole equipmeﬁt, scale, suspended
sample and compensation apparatus were placed under an evacuated -bell jar,
which eliminated the alr turbulence produced by the heating of thé pipe with
the suspended sample. The optic system attached to the scale allowed a
reading accurscy three times higher, The electromagnet used enabled one to

" obtain a field strength as high as 12,000 cersted for a 30-nm gap and
same diameter of the pole shocs, l
The magnétic susceptibility was measured witﬁih the temperature range

from -170°C to +400°C,
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In ordez to eliminate the disturbing effect of possible ferromagnetic
im} urities, tue aeasurepents were performed at every temperature over & wide
range of magnetic field strengths, and the values obtained for susceptibility
were extrepolated to H=cw o Itis natural that this method woidd introduce
some errors, thus making the accuracy of determination of the magnetlc suscep=
tinility quite small. The error was of the order of 8 - 12%, and in some
cases it was 15 - 20%. [Iherefore the author considers the results of his
investigation of magnetic susceptibility rather qualitative.

Pable 3 represenis data on magnetic susceptibility of some MgQSn samples
at 20°C depending on the degree of deviation of their composition from
stoichiometry. For comparison values of chi X _for pure Mg aid Sn are given.
As is seen from this table,. when the composition of the samples approaches
stoichiometiry paramagnetic susceptibility decreases. Stoichiometric samples
are diamagnetice

The ratio of magnetic susceptibility and temperature of some l-igzsn samples
investigated by the author is graphically represented in Figures 10 and 11.

These graphs show:that sanples in which the ratio of co_mponents differs
considerably from stoichiometry have a para:ﬁagnetic susceptfibility that
slowly drops with temperature within the whole temperature range (Figure 10,
two upper carves). Samples with a composition sufficiently near to Mgesn
have also a paramagnetic suscepbibilily that drops at ordinary temperatures,
but cuanges to a diamaphetic susecepbibility that rises with temperature even
at 150 - 200°C (Figure 11).

Samples that possess stmchlomehm composition are characterized by ‘ o
diamagnetic susceptibility that always rises with pemperature, from room l
temperatures on (Figure 10, lower curve)., For lov;er tempe ratures these

samples are olther non-magnetic, or wealdly paramagnetic. :
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3, Discussion of Data on Magnetic Susceptibility ) ‘ ?’wfg

The experimental data available show that pure Mgzsn samples are prob-
ably really diamagnetic, but their susceptibility rises with temperature.

A8 previously mentioned, this data does not agree with any of the models
sugpested (metallic or heteropolar bond) ‘and proves that a compound of this
composition has a more complex type of bond. -

One could assume that the temperature behavior of susceptibility obtained
experimentally is a consequence of superposition of some tforeign" para=
magnetic susceptibility, decreasing with temperature according te the Curie-
Weiss law on the diamagnetic susceptibility of the MgZSn éompound-. But
such "foreign" paramagnetic susceptibility cannot be the consequence of £he
presence of ferromagnevic impurities, since these were taken into account in
the procedure followed for determining chi X . An admixture ‘of rare earth
elgments , which could efi;ect a s.imilar temperature behavior of chi x , 18
not present, as was proved by chemical andlysis, Therefore it remains to
assume that the observed temperature behavior of chi x is effectediby the
phenomenon of superposition, on the diamagnetic susceptibility of the Mgasn
compound, of a paramagnetic suscep;:-ibility of some ions with constant magnetic
moments composing part of the given conmpound. Buch ilons may be, for example,
Sn+, Snt, sn*? and others.

Tt is also possible that the observed temperature behavior of magnetic
susceptibility is effected by quite othe:; causes., Thersfore, for example,
the rise 'of'diamagnetic susceptibility with tempe‘rature may be produced by
the displacement of the density of the atom's {or ion's) electron cloud with

‘ temperature. o
Let us try now to draw some conclusions on the bond-type of MgZSn.
Previously mentioned is data on the concentration of conducting electrons

in the MgZSn compound, as determined by data on the Hall effect (about 5.1018

ab 300°K). Such a’small concentration is cbvicusly insufficient to produce
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a metallic bond. On the other hand data on magnetic susceptibility, "non;
metallich structm:e, hiph fusing point, and great heat of formetion of this
compoi.md confirs the conclusion that a purely metallic type of bond.in this(
compound is entirely out of question.

On the other hand, the author's investigations of the temperature behav=
ior of magnetic susceptibility deny the possibility of a purely heteropolar
bond., Thercfore one snould assume that the bond type of MgQSn is of a kind

2+ and th<possessing standard valence bonds

both 1like that of the ions Mg
and forming a basic lattice skeleton, and also like ions with constant mag-
netic moments (of the type 3n+, Sn2* s Sn°, Sng- and others).

Tt is natural that mutual Coulomb forces among such incompletely ionizéd
atoms will be much weaker than among normal ions. This phenomenon in its
turn causes a, certain“Weakening® of the bonds in the lattice itseli'; which
probably explains why intermetallic compounds similar to MgESn posses a
wide region of homogeneneity.

Conclusion

The study of the electric properties of the intermetallic ‘compound MgZSn
enables one to concliude that this compound mey be considered as belonging'
to the class of semiconducting alloys with a width of forbidden zone equal .
to about 0.2 eV, |

The investigation of the magnetic properties confirms assupptions, prev-
lously expressed by a number of writers, concerning the mixed heteropolar.
and metallic type of bond in this compound,

Finally the author expresses his gratitude to V. P. Zhuze for his general
Qirection of the work and to the Academician A, F. Ioffe for his valusble . |
advice and discussion of resulta. . o

PRMARK. After having already delivered this article to print, the

(20)

author was informed about the work by Robertson and Uhlig on the electric

properties of the intermetallic compounds MgZSn and Mgsz. Robertson and

Unlig were led to the same conclusions as derived by the present author.
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It is necessary to rcmark that the basic experimental data‘was obﬂaiﬁéd

by the author in 1946-1%)7 and was partially published in Academician A, Fo.

Toffe!'s article entitled MSemiconductors and Alloys", issued in the collection ‘

“Genéral [eeting of the lcadeny of Sciences USSR" 10«13 June 19&7, but the

fsmerican writers do not refer to this articles

. Freo. zharwal Tekh Fiv, . a
fof vx, o, pisd, gptie 1Ty
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Pable I, Specific ¥lectrical Uonductivity of Certaln I!gzsn Samples at 20°¢

r Comnosition Excess of - Sigma. ‘ ! Proliminary Treatment
Samle & Welght  One of the ' (Specific Blectrical | of the Samples
¥umber Sn | Mg Gomponent;u f Concmctivity) cha*cen !
2 | 731 26.9 7.6 sa(%) | 2130 | pressed, heated
1(0)  68.0 32.0. 40 Mg . 486 pressed, not heated
L1 68.5 .5 3k g | 1860 ; pressed, heated
! ; :
I 2(0)- i 72.0 C.0 3.0 Sn i 223 pressed, not heated
3( 0y 71, 28.9; 0.7 Sn 31.6 pressed, not heated
3 ’ 71.1. 28.9 0.7 Sn 61.2 preased, heated
£
5(3) | 70. 9’ 29.0° 0.0 | 2.0 .| pressed, heated
' H
| §3) 70.95' 29.0" 0.0 39.8 ! erystal, heated
O ! L . . . e W
Prble 2. Therm-emf of Various MgsSn Samusles at 20°C
Conpoaitmu. % Velght | Deviation (%) |  Alpha
Sample ‘——-- - ;e -1 from ! Thermo-emf)
Hrumber , Mz : Sn - I Stolchiometry ! yu v/°c
| 269 73.1 7.6 Sn o 1.2
6(0) P 27.0 73.0 5.5 Sn ! 26.9
1 < 32,0 68,0 : ho Mg ! ol
1(0) 315 63.5 a 3.4 Mg 3 37.5
3(0) 28.9 71.1 ' 0.7 5n ! 15k
3 - 28,9 71.1 0.7 Sn : 146
5(3) 29,05 70.95 0.0 - : 305
Toble 3. liarmetic Succentibility of Cortain MgZSn Samples at 20°C
! , N SR
Semple | Commosition, @ Veight | Deviation (¥) Magnotic i Character l
Mumber vt . " from _busceptigili.ty of Magnetic |
Mg ! Sn . Stolchiometry x®e 10 Suscepti‘bility
1V(B) 15.1 eh,9 30 Sn 0. 550 ' Pnramameti
1 31.6 . 6B.L 3.6 Mg 0.279 Paramagnetiq
11 27.9 .72 3.4 Mgt 0,250 . Paramagnetiq
Iv(i) | 28,15  71.85 2.9 Hg 0,220 ‘ Paromegneti
v 29.0 71,0 0.1 Mz 0.022 " Diamagnetic
I(a) 29,05 70.95 - ! 0.025 i Diamagnetic
- 100 - ' - 0,94 - "/ I Paranagnetic
- ‘ - 100 ' - ' 0961 ! Parsmagnatidq
‘ . . : i
-END -
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